Focal Mechanism of Major Earthquakes in the Western Rift Valley of Africa by Ndontoni  Zana & Tanaka  Kazuo
Focal Mechanism of Major Earthquakes in the
Western Rift Valley of Africa
著者 Ndontoni  Zana, Tanaka  Kazuo
雑誌名 The science reports of the Tohoku University.
Fifth series, Tohoku geophysical journal
巻 28
号 3-4
ページ 119-130
発行年 1981-12
URL http://hdl.handle.net/10097/45289
 TOhoku Geophys. Journ. (Sci. Rep.  TOhoku Univ., Ser. 5), Vol. 28, Nos.  3-4, pp. 119-129,1981
 Focal Mechanism of Major Earthquakes in 
    the Western Rift Valley of Africa 
                NDONTONI ZANA 
 Departement de  Geophysique, Institut de Recherche Scientifique, 
                Lwiro, Bukavu,  Rep. du Zaire 
                 KAZUO TANAKA 
     Department of Earth Sciences, Hirosaki University, 
                 Hirosaki, 036 Japan 
             (Received, September3, 1981)
          Abstract: Focal mechanisms of eleven earthquakes and composite mechanisms of 
      three aftershock sequences are studied to discuss in detail the earthquake g nerating 
      stress field of the Western Rift Valley of  Africa. The mechanism olutions obtained 
      are either the normal faulting or the strike slip faulting type. Taking account of our 
      previous results, we can  ccr  clucle  tt:  at the  fecal mechanism of normal faulting prevails 
      widely in the Western Rift Valley and that the directions of the tensionaxis are 
      perpendicular to the strike of the rift system. These conclusions are consistent with
      the results reported by several authors on the focal mechanisms of major earth-
      quakes occurring in the rift zones of Africa. Observing the directions of the tension 
      axis in detail, it is found that they reflect the local tectonic features, as seen in theMt. 
      Ruwenzori egion and in the northern part of Lake  Tanganyika where the directions 
      of the tension axis vary within a small area. 
1. Introduction 
   The Western Rift Valley of the East African Rift System is one of the most 
seismically acitve zone in the African continent. The fundamental geological and 
geophysical features of the East African Rift System have been studied by many 
investigators [Cahen (1954), Sutton and Berg (1958), De Bremaecker (1959),  Wohlen-
berg  (1968), Lepersonne (1973), and Zana and Hamaguchi  (1978)]. The geological 
and geophysical features of the rift valley are noted to be similar to those of the mid-
oceanic ridges. For instance, Heezen et  al. (1959) showed topographical similarities in 
form and scale between the Tanganyika rift of the Western Rift Valley and the 
submarine rift of the Mid-Atlantic Ridge. Both the rift valley and the mid-oceanic 
ridge are characterized by the seismic activities confined to shallow depths. In 
regard to earthquake mechanism, the maximum tension axis is approximately perpen-
dicular to the strikes of the East African Rift System or the mid-oceanic ridge 
system, except the transform fault zone. However, the Western Rift Valley shows 
rather complex features of tectonics in comparison with the mid-oceanic ridge. 
   Fiarhead and Girdler (1971) summarized the results of focal mechanism of 
earthquakes occurring in and near the African continent, including the Red Sea and
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Gulf of Aden. Additional results were supplemented by Maasha and Molnar (1972) and 
Tanaka et  al.  (1980). Tanaka et  al. investigated the earthquake generating stress 
fields in the ten sub-regions of the Western Rift Valley by using small earthquake data 
and the method of composite mechanism solution. They have shown that the 
earthquakes with normal faulting type prevail widely in the Western Rift Valley, and 
that their directions of tension axis are perpendicular to the strike of the rift system. 
However, the features mentioned above are not clearly shown in some sub-regions 
such as the Mt. Ruwenzori region, where an inconsitency is observed in the directions 
of tension axis of their results and those by Sykes (1967) and Banghar and Sykes  (1969). 
   This paper presents the focal mechanism solutions of eleven major earthquakes and 
the average mechanism solutions of three aftershock sequences which occurred in and 
around the Western Rift Valley to make its tectonic feature more comprehensive. 
2. Method of Analysis and Data Used 
   The force system of type II by Honda (1962) is presumed in this analysis. The 
table by  Hoang-Trortg and  Belie (1972) is used to obtain the angle of incidence for 
the stations at the epicentral distance greater than 25°. The angle of incidence less 
than 25° is calculated by using the velocity structure by Zana and Takagi (1982), 
of which velocity graident in the crust is slightly different from that of our previous 
paper (Tanaka et  al., 1980). 
   The focal mechanism solutions or composite ones were derived by means of the 
computer program written by Horiuchi et  al.  (1972). All of the P-wave initial motions 
are projected onto the lower hemisphere of the focal sphere by the equal area projection. 
The reliabilities of the pressure or tension axes are graphically expressed by their 
domains of variability in the case of composite mechanisms. 
   The polarities of the initial motions of P-waves were verified from the copies of 
films made available by several stations that responced to our request. Other stations 
sent us fresh readings of their records. In cases that these data were not verified, we 
used the data of P-wave initial motions reported in the bulletin of ISS (International 
Seismological Summary) or ISC (International Seismological Center). Those data were 
used in this analysis together with the data of IRS (Institut de  Recherche Scientifique).
3. Results 
   The mechanism solutions obtained are shown in Fig. 1 and also given chronologically 
in Table  1. To make the discussion comprehensive, the mechanism solutions are 
presented in a regional order from north to south (see Figs. 1 and 4). The earthquakes 
that occurred in the same area are discussed together. The features revealed by this 
study are as follows. 
a. The Mt. Ruwenzori Region 
   This region is one of the most seismically active zone in the East African Rift 
System. A big earthquake (M=6.7-7.0, by IRS) took place near the mountain on
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March 20, 1966. The level of seismicity of micro-earthquakes in this region is 
comparable to those of the most active zones of the world (Rykounov et  al., 1972). 
Mechanism solutions of three earthquakes and a composite mechanism solution of the 
aftershock sequence of the major earthquake of March 20, 1966 were obtained in this 
study. The solutions of the events Nos. 5, 7 and 11 in Table  I are characterized by 
normal faulting with a predominant component of strike slip faulting (Fig.  1). The 
tension axis inferred from the mechanism solution of the event No. 5, which occurred 
at the western side of this region is in the direction of southwest to northeast. The
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Fig.  1. Focal mechanism solutions of the major earthquakes in the Western Rift Valley. Open 
    circles denote dilatation and solid ones compression. Numerals below each figure correspond 
    to one in Table 1.
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Table  1.  Major earthquakes in the Western Rift Valley of Africa 
  the
and focal 
bulletines
No
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11
 Date
May 
Sep. 
Sep. 
Sep. 
Nov. 
Apr. 
Oct. 
Oct. 
Jan. 
Feb. 
Apr.
05. 
22. 
22. 
22. 
12. 
25. 
05. 
09. 
02. 
13. 
18.
1958 
1960 
1960 
1960 
1961 
1965 
1966 
1966 
1967 
1972 
1972
Origin time Lat. Long.
06-31-41 
 *05-38-14 .6 
09-05-33 
09-14-55 
02-15-12 
 10-01-06.6 
 08-31-10.1 
06-48-39 
09-47-53.4 
 10-02-42.4 
15-08-13.2
9.55S 
 3.  50S 
 3. 58S 
3.  19S 
 0.44N 
2. 553 
 0. 02N 
 12. 63N 
10.  11S 
4. 503 
0. 67N
27.81E 
 29.  17E 
 28.9 E 
 28.  98E 
 29. 32E 
 28.85E 
29.  94E 
30.  75E 
 28.32E 
 34.  14  E 
 29.82E
h (km)
0 
11 
0 
0 
0 
5 
28 
0 
31 
33 
5
Mag.
 7.  2 
 5. 6 
6. 5 
 5. 5 
 6.2 
 5.1 
5. 3 
5. 1 
 5. 5 
 5.0 
 4.  8
* IRS location 
 N  1  : Total number of P-wave initial motion data used to 
 N  : Number of observational data inconsistent with 
     expected theoretically for the best fit solution.
derive the solution. 
the radiation pattern
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Fig. 2. Composite mechanism solution for the aftershock sequences.  (a); the southern group of 
the Uvira aftershock sequence of 1960,  (b); the northern group of 1960,  (c); the Uvira after-
shock sequence of 1962,  (d); the Ruwenzori aftershock sequence of 1966. Variabilities of 
the P and T axes are indicated by the areas of hatched domains.
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mechanism solutions. 
of ISS  or ISC.
The soruce locations and origin times are taken from
123
Az
57 
222 
87 
147 
353 
 140 
235 
214 
239 
266 
216
Th
70 
26 
75 
66 
71 
60 
73 
64 
71 
87 
65
 Y
Az
326 
96 
354 
246 
255 
237 
328 
117 
147 
174 
118
Th
86 
74 
77 
72 
68 
81 
79 
75 
86 
50 
75
P axis
Az Th
10 
123 
40 
198 
305 
192 
 191 
163 
192 
228 
165
73 
34 
70 
60 
 60 
59 
86 
61 
73 
61 
61
T axis
Az
103 
260 
131 
106 
214 
93 
283 
257 
285 
123 
259
Th
79 
64 
88 
86 
88 
74 
70 
83 
80 
66 
83
B axis
Az
225 
 0 
225 
09 
120 
339 
90 
 0 
45 
 0 
 0
Th
20 
70 
20 
31 
30 
35 
20 
30 
20 
40 
 30
Nt
42 
43 
53 
30 
 31 
22 
34 
42 
41 
25 
29
Ni
4 
12 
9 
3 
2 
5 
7 
10 
13 
3 
7
     Az: Azimuth of an axis measured clockwise from the north. 
     Th: Plunge of an axis measured from down ward vertical. 
     P-, T- and B- axes: Pressure, tension and null axes, respectively. 
     X and Y: Byerly's "motion direction". 
tension axes of the other event (Nos. 7 and 11) are in the direction of east to west, and 
are approximately perpendicular to the strike of the rift system. 
   The composite mechanism solution of the aftershocks in Fig. 2(d) indicates tha 
the earthquake generating stress field of the aftershock area is normal faulting type and 
that the tension axis is in the direction of northwest o southeast, which differs  from 
those of the event Nos. 5, 7 and 11. 
b. The Lake Kivu Region 
   Though the seismicity of micro- or small earthquake is rather active (Zana and 
Takagi, 1982), there were few strong earthquakes in this region. The focal mechanism 
solution of an earthquake  (M=5.1) occurred on April 25, 1965 at the south of the Lake 
Kivu is shown in No. 6 in Fig. 1. The tension axis is in the direction of east to west. 
The composite mechanism solution of the background seismicity in this region 
(Tanaka et al., 1980) indicates that the pressure axis is nearly vertical and the tension 
axis is horizontal in the east to west direction. Although the mechanism of the 
earthquake of April 25 includes a large component of strike slip faulting, the orienta-
tions of the both tension axes agree with each other. 
c. The Northern Tanganyika region 
   A highly active seismic zone extends from 3.0°S to 4.5°S along Lake Tanganyika. 
This activity is mostly confined along the western shore of the lake (Zana and Takagi, 
1982). The event of September 22, 1960 (M=6.5) was accompanied by foreshocks and 
aftershocks (Zana and Hamaguchi, 1978). The hypocenter coordinates of the largest 
foreshock (M=5.6) and the aftershocks given by Zana and Hamaguchi were used in 
this mechanism analysis. Otherwise, those given by ISS were used for the main 
shock and the largest aftershock  (M=5.5). The mechanism solutions of the largest
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foreshock (No. 2), the main shock (No. 3) and the largest aftershock (No. 4) are given in 
Table 1 and also shown in Fig. 1. Although those solutions show different ypes of 
mechanism among them, they represent the horizontal tension axes with orientation of 
east to west or northwest o southeast; that is, the tension axes nearly perpendicular 
to the strike of the rift system. 
   The many aftershocks accompanying the main shock of 1960 were registered on 
the seismographs at  Uvira (UVI) located just in the aftershock region, Lwiro  (LWI) 
about 120 km north of the region and  Butare (BTR) about 80 km northeast. It was 
observed that the P-wave initial motions generated by the aftershocks were predomin-
antly dilatation at LWI and compression atBTR. In some case, however, the polarities 
of P-wave initial motions at the both stations were simultaneously reversed. Then, 
the aftershocks were divided into two groups from the point of view of P-wave initial 
motion. One group of aftershocks, of which P-wave initial motion was dilatation at 
LWI and compression at BTR, occupied the southern part of aftershock region. The 
other group, compression at LWI and dilatation at BTR, occupied the northern part 
(Fig. 3). The spatial separation into the two groups suggests that the aftershock 
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3. Epicentral distribution of the Uvira aftershock sequence of 1960. Solid cricles denote 
epicenters of the aftershocks from which the P-wave initial motions are compression at LWI 
and dilatation at BTR (the northern group). Open ones denote the shocks of dilatation at 
LWI and compression at BTR (the southern group).
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2. Composite mechanism solutions of aftershock sequences in the Western Rift 
   Valley of Africa.
No
a 
 b 
 c 
 d
 X
Az
200 
286 
201 
309
Th
 Y
 Az  Th
 P  I  T
 Az
81 110 
67 166 
62 106 
73 201
87 155 
39 244 
81 150 
45 266
Th Az
81 245 
35 130 
63 247 
45  159
 Th
86 
74 
77 
 73
 19
Az
0 
30 
0 
54
Th
10 
60 
30 
50
Nt
157 
82 
56 
123
Ni
25 
21 
9 
37
a. Uvira aftershock sequence  (1960)  ; southern group. 
b. Uvira aftershock sequence  (1960); northern group. 
c. Uvira aftershock sequence (1962). 
d. Ruwenzori aftershock sequence (1966).
sequence of 1960 consists of two kinds of events with different ypes of focal mechanism. 
Then we call the former group of aftershocks as the southern group, and the latter 
one as the northern group. The composite mechanism solutions obtained for the two 
groups are shown in Fig. 2 (a, b). The solution for the northern group appears to be the 
normal faulting type including strike slip component (Fig. 2b). The tension axis 
is nearly horizontal and in the direction of northwest to southeast. On the other 
hand, that for the southern group appears to be the strike slip faulting type (Fig. 2a). 
The tension axis is in the direction of northeast to southwest. The fault motions 
inferred from the solutions are right lateral in the  ease of the northern group and left 
lateral in the southern group, if the northerly trending nodal planes are taken as fault 
plane because the surface traces of the local faults strike north to south in this region. 
The event  (M=5.8) of 1962 occurred at the northern end of Lake Tanganyika and was 
accompanied by an aftershock sequence, of which aftershock region overlapped that of 
the southern group of aftershock mentioned above (Zana and Hamaguchi, 1978). The 
composite mechanism solution of the aftershocks of 1962 (Fig. 2c) shows the strike 
slip type faulting and is very similar to that of the southern group of the aftershock of 
1960. 
d. The Lake Moero and Upemba Rift 
   The rift runs southwestwards from the southern part of Lake Tanganyika as an 
extension of the Western Rift Valley. Because of the intermittent operations of three 
seismographic stations in the Shaba (formerly Katanaga) province from 1960 through 
1970( Bram, 1972), the seismicity of this rift has not been yet well known. The earth-
quake (M=7.2) took place between Lake Moero and Upemba Rift on May 5, 1958. 
This event is one of the strongest shocks experienced in the East Africa. The focal 
mechanism solutions of this event and the earthquake (M=5.5) of Jan. 2, 1967, which 
occurred at the southwest of Lake Moero, are shown in Fig. 1. Those solutions indicate 
a predominance of strike slip motion. The tension axes of the both events are 
horizontal and in the direction of northwest by west to southeast by east. These solu-
tions are very similar to the composite mechanism solution obtained for the background
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seismicity of this region by Tanaka et  al. (1980). Fairhead and Girdler (1971) 
and Maasha and Molnar (1972) presented the mechanism solutions of four earthquakes 
located in a seismic zone of  Zamiba, which is a continuation of Moero rift. The focal 
mechanisms of  Zamiban earthquakes show the normal faulting type and differ from 
our result. However, the both are consistent in the point of the direction of the 
tension axis, that is almost northwest o southeast and perpendicular to the surface 
traces of the rift system. 
e. Other Areas 
   The remaining events Nos. 8 and 10 occurred outside the Western Rift Valley. The 
event No.  8 took place in Sudan, whose tectonic connection with the Western Rift 
Valley is not yet established, even though the current seismic activity extends  north-
wards from Lake Mobutu (Zana and Takagi, 1982). The focal mechanism solution 
indicates a predominance of strike slip motion (Fig. 1). The inferred tension axis is 
nearly horizontal and is in the direction of east to west. 
   The event No. 10 is located in Lake ManyaraRift which is the most seismically 
active zone in Tanzania. The mechanism solution suggests a predominance of strike 
slip faulting (Fig. 1). The tension axis directs in northwest to southeast and 
perpendicular to the strike of the local tectonic lines. The solution is consistent with the 
previous result of Fairhead and Girdler  (1971). 
4. Discussions and Conclusions 
   The present study shows the focal mechanism solutions of eleven major earthquakes 
and the composite mechanism solutions of three aftershock sequences, in the Western 
Rift Valley of Africa and its adjacent area. In the Mt. Ruwenzori region, the mech-
anism solutions of the three events and an aftershock sequence are characterized by 
the normal faulting type with a large component of the strike slip or by the strike 
slip faulting. Sykes (1967) and Banghar and Sykes (1969) studied the focal mechanisms 
of Ruwenzori earthquake of March 20, 1966 and of its aftershock of May 17, 1966, 
respectively. They showed that the tension axes are in the direction of east to west 
and that the pressure axes are about vertical direction. Tanaka et al. (1980) also 
studied the composite mechanism solution of the background seismicity in the Mt. 
Ruwenzori, based on three hundreds of P-wave initial motion  data: The tension axis 
was nearly horizontal in the direction of northeast to southwest, however, the pressure 
axis could not be deffinitely determined. The results of the former two investigators 
are consistent on the point that the mechanism with normal faulting type prevails in 
this region. The last investigators' result, however, disagrees with the formers on the 
direction of the tension axis. Although the mechanism solutions obtained in this 
study include a large component of the strike slip faulting, the directions of the tension 
axes of the event Nos. 7 and 11 agree with the results by Sykes, and Banghar and 
Sykes. That of the event No. 5 agrees with the result by Tanaka et al. (1980). 
   Tanaka et al. suggested that such diversity of the directions of tension axes is
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due to the mixture of earthquakes with different ype of mechanism which were 
associated closely with faults of different orientation. This assertion is supported by 
some variety of the orientation of the tension axis of the other events shown by 
Maasha (1975), who studied the composite mechanism solutions of small earthquakes
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 occurring in nine fault zones of the Mt. Ruwenzori region. According to his results the 
 mechanism solutions indicate normal faulting motion and the directions of the tension 
 axes are perpendicular to the local faults. 
    On the northern Tanganyikarift Tanaka et  al. showed that the composite 
mechanism solution of the background seismicity indicated a wide variance of the 
direction of the tension axis. The focal mechanism or composite mechanism solutions 
obtained in their paper show also some variety. The solutions of the main shock of 
 1960, its largest aftershock and the northern group of the aftershock sequence in 1960 
indicate that the tension axes are in the direction of northwest o southeast. On the 
other hand, that of the largest  foreshock is east to west, and those of the southern 
group and of the aftershocks in 1962 are northeast to southwest. We can not discuss 
the relative locations of the main shock and the aftershocks because their hypocentral 
coordinates were  determined based on the different methods. The variety of the 
direction of tension axis among their mechanism solutions uggests that the earthquake 
generating stress field in this region may have some complexities connected with the 
local faults of which surface traces have not been yet observed. 
    The directions of the tension axis in each region are summarized in Fig. 4 by using 
the results of this study and our previous one [Zana (1977), Tanaka et  al. (1980)1. The 
illustration of the tension axis of the background seismicity is not made for the areas 
where the mechanism solutions of the major events were obtained in this paper. It is 
observed in the figure that the directions of the tension axis are perpendicular to the 
strike of the rift system in almost all regions. This is observed clearly at the areas from 
the north region of Lake Kivu (the area southwest of Lake  Amin in the previous paper) 
to the central region of the central region of Lake Tanganyika along the lakes, and at 
the area of Lake Moero and Upemba Rift. Even if the directions of the tension axis are 
oblique to the strike of the rift system, as seen at the areas west of Lake Kivu (the 
Masisi area and the Gweshe area) and of the Mt. Ruwenzori region, they are perpend-
icualr to the local fault traces. 
   We can conclude, togetherwith the results of the previous investigators, that the 
earthquake generating stress field in the Western Rift Valley of Africa is prevailingly 
the normal faulting type and that the tension axes are perpendicular to the strike 
of the rift system as a whole or the local fault trends in detail. It is emphasized that the 
normal faulting motion prevails particularly in and around the Lake Kivu region. The 
strike slip faulting motion or the normal faulting type with a large component of 
strike slip motion is observed in the northern and southern parts of the Western Rift 
Valley. The prevalence of the normal faulting motion is in agreement with the result 
of geological study by Holmes (1965) who suggested that the normal faulting was 
common in the East Africa.
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